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Objectives . This study was undertaken to examine the nature,
extent and clinical relevance of coronary embolism after balloon
angioplasty or thrombolytic therapy, or both .
Background. Histopathologic documentation of postinterven-
flonal coronary embolization has been reported in only 10 patients
from live studies .
Methods. This retrospective autopsy-based study included 32
patients, treated with balloon angioplasty or thrombolysis, or
both, who died within 3 weeks of the proce6ure and underwent
autopsy at the Mayo Clinic . Clinical variables included patient age
and gender, artery treated, site and type of obstruction, type of
intervention, success of the procedure, and postprocedural
changes in the electrocardiogram (ECG), cardiac enzymes and
hemodynamic status . Histopathologic variables included charac-
teristics of treated plaques, acutely infarcted myocardium and
coronary microemboli . Associations between microemboli and
clinical and microscopic factors were evaluated by t tests and
simple and multiple linear regression .
Clinically, coronary embolization is considered to represent
a relatively rare complication of coronary balloon angio-
plasty, especially in elective procedures in patients with
stable disease (l-3) . The phenomenon is thought to be more
prevalent among patients with acute coronary thrombosis
and acute myocardial infarction who undergo balloon angio-
plasty or thrombolytic therapy, or both (4-8) . Investigators
have also reported embolization of thrombotic or atheroma-
tous material elsewhere in the systemic circulation after
these coronary interventions (9-12) .
The clinical consequences of coronary embolization de-
pend on both the size and the number of embolic particles . In
some cases, the results may be clinically undetectable,
whereas in others the process may be responsible for acute
myocardial ischemia or infarction, ventricular arrhythmias
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Results . Emboli were observed in 26 (81%) of the 32 patients .
Among 83 emboli, 95% were thrombotic or atheromatous . The
presence of microemboli was associated statistically with the
development of postprocedural infarct extension, new myocardial
infarction or new E(% abnormalities . Moreover, the greatest
number of microemboli were associated with intervention in the
left anterior descending coronary artery, multiple interventional
sites, postpr(wedural medial dissection and plaque rupture or
extrusion .
Conclusions. Among patients undergoing balloon angioplasty
or thrombolytic therapy who die and undergo autopsy, coronary
microemboli accur in a substantial percent . The frequency in
survivors is unknown . However, in living patients who develop
acute myocardial ischemia or new ECG abnormalities after these
interventions, coronary microemb9lization should be considered a
potential cause .
(I Am Coil Cardiol 1993,22 .1283-8)
or sudden death (4,7,13,14) . To our knowledge, histopatho-
logic documentation of coronary embolization after balloon
angioplasty or thrombolysis, or a combination of the two
therapies, has been reported in only 10 patients from five
studies (8,15-18) .
With these considerations in mind, the present retrospec-
tive autopsy-based study was undertaken to evaluate the
nature, extent and clinical relevance of postinterventional
coronary embolization in a relatively large number of pa-
tients from a single institution . This represents an extension
of our previous hisiopathologic study of coronary emboliza-
tion after balloon angioplasty of aortocoronary saphenous
vein bypass grafts (14) .
Methods
Study group. In the decade between January 1980 and
December 1989, 32 patients were identified who met the
fAlowing criteria : 1) treatment with coronary balloon anglo-
plasty or thrombolysis, or both ; 2) death within 3 weeks of
the intervention ; 3) no coronary surgery during this time
;
and 4) autopsy examination at the Mayo Clinic (with cardiac
evaluation by W .D.E .) .
The study group included 20 men
0735-1097/93/$6 .00
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and 12 women with a mean age of 66 years grange 28 to 88) .
Twenty-one (66%) had a previous history of chronic isch-
emic heart disease .
The initial clinical diagnosis was acute myocardial infarc-
tion in 23 patients (72%) and stable exertional angina without
acute infarction in 9 . Among all 32 patients, 17 were treated
with balloon angioplasty alone, 10 had both angioplasty and
thrombolysis and 5 had thrombolysis alone (either streptoki-
nase or recombinant tissue-type plasminogen activator) . For
the 27 patients treated with balloon angioplasty, the inter-
vention involved multiple sites in 9 (33%) and multiple
arteries in 5 (19%n) . The time interval between intervention
and death was <I day in 17 patients, I day to I week in 11,
I to 2 weeks in 3 patients and 2 to 3 weeks in I patient .
Clinical evaluation . Patients with balloon angioplasty .
Stenotic sites that were subjected to balloon angioplasty
were categorized according to coronary artery (left anterior
descending, left circumflex, right or their branches), location
(proximal, middle or distal), and type of obstruction (dis-
crete, nondiscrete or complete occlusion) . The hemody-
namic stability of the patient both before and during the
procedure was also recorded, a it also was for thrombolytic
therapy.
Balloon angioplasty was considered angiographically suc-
cessful if the postinterventional stenosis was <50%n . .
procedure was considered angiographically unsuccessful if
one or more of the following occurred: 1) the postinterven-
tional stenosis remained >50% ; 2) the operator was unable
to cross the lesion; 3) the artery developed a severe dissec-
tion ; ur 4) the artery immediately reoccluded .
Embolus-related events. To determine whether a new
infarction or infarct extension occurred after balloon dilation
or thrombolysis (or both), preinterventional and postinter-
ventional clinical findings were compared, with particular
emphasis on changes in the electrocardiogram (ECG), car-
diac enzymes and hemodynamic status . Postinterventional
changes in the ECG that may have resulted from coronary
embolization were also recorded, including significant tachy-
bradyarrhythmias, ventricular premature contractions . atria)
fibrillation and atrioventricular or bundle branch block .
Specimen evaluation. Coronary arteries . Hearts were
perfusion fixed in 10% neutral buffered formalin, and the
major epicardial arteries were removed and placed into
decalcifying solution . Specimens were handled carefully to
avoid bending the coronary arteries and thereby dislodging
thrombotic or atheromatous material .
After decalcification, the coronary arteries were step-
sectioned at 3-mm intervals . For infarct-related arteries and
for arteries involved by thrombosis or subjected to balloon
angioplasty, the entire length of the vessel was submitted for
histologic evaluation . For each of the other coronary arter-
ies, six to eight sections were processed for microscopy .
Slides were stained with hematoxylin-eosin and elastic-van
Gieson .
Treated coronary arteries were evaluated microscopically
(by T.W.M. and W.D.E .) for both chronic and acute fea-
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tures. Chronic plaques were examined for location, degree
of stenosis (critical [>75%] or noncritical), shape (eccentric
or concentric), consistency (soft and necrotic or hard and
fibrocalcific) and the presence of calcification (previous
decalcification did not interfere with identification of sites of
calcification) . Acute alterations that were evaluated included
lumen thrombosis, medial dissection and high grade plaque
rupture, hemorrhage and atheromatous extrusion .
Myocardfwn . Hearts were dissected in multiple ventric-
ular cross sections, analogous to echocardiographic short-
axis views . From these slices the anatomic location, size and
extent of the acute infarction and its relation to the inter-
vened coronary artery were recorded . The frequency with
which rupture of an acute infarction occurred was also
noted .
Histologic estimations of infarct age were determined
using established microscopic criteria, taking into account
the accelerated rate of healing that characterizes reperfused
myocardium (19,20) . A diagnosis of postprocedure infarct
extension or new myocardial infarction was rendered when
the microscopic age was less than the time interval between
intervention and death
Coronary nrieroentoli. In 30 of the 32 patients, at least
I I large sections from the circumference of the left ventricle
and two sections from the right ventricle were submitted for
routine processing and staining with hematoxylin-eosin . In
the other two patients, available tissue was sufficient to
obtain only nine sections from one patient and four sections
from the other .
For the detection of emboli within intramural coronary
artery branches, myocardial sections were evaluated in a
blinded manner (by R .S.S. and W.D.E .) using medium-
power microscopy and a scanning method similar to that for
cytologic screening. The diameter of the artery containing an
embolus, as measured with a calibrated scale on an ocular
lens, was classified as small (<0 .25 mm), medium (0 .25 to
0.75 mm) or large (>0 .75 mm) .
Moreover, each embolus was characterized according to
arterial location (within or outside the distribution of the
intervened coronary artery); infarct location (within the
initial infarct, area of infarct extension or new infarction, or
elsewhere) ; mural location (subendocardial, middle wall or
subepicardial) ; type of embolus (thrombotic, atheromatous,
mixed or other), and degree of lumen obstruction (partial or
total).
For each patient, the total number of emboli observed by
light microscopy was recorded . The number of emboli
detected in the two patients with < I I myocardial slides was
statistically adjusted for comparative analyses of the mean
number of emboli .
Control group. To determine whether m croscopic coro-
nary emboli in the study group were the result of an
interventional procedure or, instead, may have resulted from
spontaneous plaque rupture or may represent an artifact due
to perfusion fixation, a control group of perfusion-fixed
hearts was obtained from the Mayo Clinic tissue registry .
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This group consisted of specimens from 39 patients
matched according to age, gender and the presence and age
of acute myocardial infarction with the study group . None of
the patients had undergone coronary angioplasty or throm-
bolytic therapy or had ever had heart surgery of any kind .
Statistical analysis . Data were evaluated by a biomedical
statistician (K.R.B .) . Comparison of the incidence of coro-
nary emboli between study patients and control subjects was
based on the Pearson chi-square test . Clinicopathologic
factors, patient demographic factors and procedural factors
were compared between patients with and without coronary
emboli either by the Pearson chi-square test for discrete
variables or by t tests for continuous variables .
To establish associations between the presence and num-
ber of emboli and patient or procedural factors or outcomes,
either linear regression analysis or t tests were utilized .
Multiple linear regression was used to relate the number of
emboli to multiple baseline or procedural factors . Factors
considered in the multiple regression analysis were artery of
intervention, single- or multiple-artery intervention, single-
or multiple-site intervention, type or types of intervention
and patient age and gender .
A p value < 0 .05 was used to judge statistical signifi-
cance, although values between 0 .05 and 0 .20 were noted as
potentially interesting associations
.
Results
Control group. The 39 perfusion-fixed control hearts
were normal in 12, had coronary atherosclerosis without
acute infarction in 13, and were involved by acute myocar-
dial infarction in 14 . In only one subject, who had a calcified
aortic valve, was an intramural coronary artery embolus
detected, and it represented a dense calcific nodule (presum-
ably of aortic valve origin) .
Thus, in no case, including those with acute coronary
plaque rupture or thrombosis and those with acute myocar-
dial infarction, was thrombotic or atheromatous embolic
material identified in the coronary circulation . Conse-
quently, such emboli within hearts in the study group were
considered to be causally related to the interventional ther-
apy (either balloon angioplasty or thrombolysis, or both) .
Cause of death. The cause of death was determined for
each of the 32 study patients on the basis of a review of
clinical and autopsy information . In 31 (97%), death was due
to ischemic heart disease . Death in the other patient was
attributable to a cerebrovascular accident .
Features of microemboli. Number of emboli . Of the 32
study patients, 26 (81 %) had evidence of one or more emboli
within the intramural coronary artery branches, compared
with only I of the 39 control subjects (p < 0 .0001) . In these
26 patients, the number of emboli per patient ranged from
I to 6, with a mean of 3 and a total of 83 .
Of the 83 emboli, 67 (81%) were small, I I medium and
5 large. Diameters of the involved coronary arteries ranged
from 0 .045 to 1 .250 mm (mean 0.25). Among the 83 emboli,
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New
infarction
Infarct Recent
extension infarction
Figure 1 . Schematic diagram of postinterventional coronary micro-
embolization . Emboli (small circles) within branches of the treated
coronary artery may involve not only areas of recent infarction,
infarct extension or new infarction but also areas of noninfarcted
myocardium .
68 (82%) were identified within branches of the intervened
coronary artery. Eighteen (22%) were found in areas of
recent infarction
; 24 (29%) involved areas of new infarction
or infarct extension ; and 41 (49%) involved myocardium
without acute infarction (Fig . 1) .
Composition of emboli . Emboli represented thrombus in
41 (49%), atlicromatous plaque in 24 (29%), a mixture of
thrombus and atheroma in 14 (17%) and foreign material,
presumably derived from the interventional procedure, in 4
(5%) (Fig . 2) . In three of the four, the foreign substance was
admixed with thrombus, and in the fourth case, it occurred
alone . The refractile and pularizable foreign material was
consistent with cotton fibers and talc (glove powder) .
Statistics of microemboli Statistically related variables
(Table 1)
. Although the left anterior descending coronary
artery was no more likely to be associated with microemboli
than were the left circumflex and right coronary arteries (p =
0.24), the number of emboli did tend to be greater when the
left anterior descending artery was the artery of intervention
(p = 0.035) . In multiple regression analysis of the effects of
age, gender, artery, number of sites and type of intervention,
only the artery (left anterior descending vs
. other) and
number of sites (multiple vs . single) showed an independent
association with the number of emboli .
Infarct extension or new infarction was also related to the
presence of postinterventional coronary microemboli
.
Among 29 patients with microscopic evidence of infarct
extension or new infarction, 26 (90%; had emboli compared
with none of the 3 patients without these changes (p =
0.0002) . Moreover, the mean number of emboli was also
significantly higher in the 26 patients Vian in the other 3
(3.01 vs
. 0, p = 0.01) .
Similarly, important new ECG abnormalities were
strongly associated with the presence of emboli
. Of the 22
patients with ECG changes, 2! (95%) had emboli, but only 5
(50%) of the 10 patients without these ECG changes had
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F%ure 2 . Photomicrographs of coronary emboli . Thrombotic micro-
emboli in large (A) and small (R) intramural coronary artery
branches . Atheromitous microemboli in large (C) and small (D)
intramural arteries . Hernatoxylin-emin. A mid C, x 125 ;111 and D,
x250.
microscopically detectable emboli (p = 0 .002). From anoVier
perspective, new ECG disturbances developed in 21 (81%)
of 26 patients with emboli but in only 1 (17%) of 6 patients
without emboli . The presence or absence of ECG changes
did not correlate significantly with the mean number of
emboli (2 .99 vs . 2 . 13, p = 0,26) .
Plaque rupture was associated with both the presence and
number of emboli . In the 14 patients with plaque rupture'
Its had emboli (mean 3 .87 emboli/patient) . In contrast, in
the 18 patients without plaque rupture, only 67% had emboli
(p = 0 .02), and the mean number of emboli was 1 .87 (p
0-002) .
For plaque extrusion, the mean number of emboli was
5.60 compared with 2 .19 for the 27 patients without this
microscopic finding (p = 0 .0001). However, the presence of
emboli was not significantly different between the two
groups (100% vs. 78%, p = 0.24) .
Medial dissection was also associated with the mean
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number of microemboli . The number was 4 .13 for the 10
patients with dissection and 2
.09 for the 22 patients without
dissection (p = 0 .005) . Emboli were observed in all 10
patients with dissection but in only 73% of those without
medial injury (p = 0.07) .
Possibly related variables (Table 1) . Comparisons with a
p value between 0
.05 and 0.20 were considered potentially
interesting associations. The presence of emboli was greater
in patients treated with both balloon dilation and thrombol-
ysis (100%) than in those with angioplasty alone (76%) or
thrombolysis alone (60%) (p = 0 .132). The mean number of
emboli was greater among patients with interventions in
multiple arteries (4 .07) than in a single artery (2 .48) (p =
0.10) and among those with interventions at multiple sites in
the same artery (3 .48) than at only a single site (2 .43) (p
0.18) .
Patients with microscopic evidence of plaque hemorrhage
were somewhat more likely to have detectable emboli (100%
vs. 74%, p = 0.09) and to have a greater number of emboli
(3.65 vs . 2.36, p = 0 .097) than those without such hemor-
rhage. Although arteries with acute thrombosis were no
more likely to be associated with microemboli than were
those without, the number of emboli was greater in arteries
with thrombosis (3 .33 vs . 2.12, p = 0 .08) .
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Table 1 . Associations Between Variables and the Presence or
Number of Postinterventional Coronary Microemboli
Statistically related variables (p < 0 .05)
Intervention in left anterior descending artery
Infarct extension or new infarction
New elect rocardiograph ic abnormalities
Plaque rupture
Plaque extrusion
Medial dissection
Possibly related variables (p ~ 0 .05 to 0 .20)
Both balloon angioplasty and thrombolysis
Multiple arteries of intervention
Multiple sites of intervention
Plaque hemorrhage
Recent coronary thrombosis
Unrelated variables (p > 0 .20)
Age or gende'
History of ischemic heart disease
"emodynantic status before or during procedure
Success of intervention
Site or type of arterial obstruction
Plaque shape or consistency
Plaque calcification
Rupture of acute myocardial infarction
Discussion
Among patients undergoing coronary balloon angioplasty
or thrombolytic therapy (or both), the pot: ntial exists for
embolization of thrombotic or atheromatous material into
the distal coronary artery circulation . However, to our
knowledge, this phenomenon has been previously docu-
mented microscopically in only 10 patients from 5 studies
(8,15-18) .
In the current retrospective autopsy-based investigation,
postinterventional coronary emboLzation was studied in 32
patients . Observations that warrant further discussion in-
clude 1) the nature of the microemboli, 2) the variables
associated with the presence or number of microemboli, and
3) the limitations of this study .
Nature of microemboli . One or more emboli were identi-
fied within the intramural coronary arteries in 81% of the 32
patients . Although the number of emboli per patient only
ranged from I to 6, 5 of the 83 emboli obstructed relatively
large intramural arterial branches .
Microscopically, the emboli were thrombotic or athero ,
matous in 95% of the patients . Four emboli (5%) consisted of
foreign material, all of which were refractile or polarizable .
These presumably were derived from the catheters, glove
powder, cotton sponges or other materials used during the
interventional procedure . Similar material can occasionally
be identified within small pulmonary arteries after right-
sided cardiac catheterization .
Variables associated with emboli . One of the most impor-
tant clinical observations in this study was the statistically
significant correlation between the presence of coronary
emboli and the development of postprocedure infarct exten-
sion, a new myocardial infarction or new ECG abnormali-
SABER ET AL
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ties . The occurrence of new ECG abnormalities after balloon
angioplasty or thrombolysis probably results from a complex
interplay of several factors . among which the effects of
coronary embolization may be important (21-24) .
In the current study, the greatest number of emboli was
associated statistically with intervention in the left anterior
descending coronary artery, multiple interventional sites,
postinterventional medial dissection, and plaque rupture and
extrusion . These findings support intuition that embolization
would be most extensive among cases in which the degree of
coronary artery injury is also the greatest . Other investiga-
tors have also noted that myocardial infarction due to
coronary embolization is related to the number, size and
location of the emboli (4,13,18) .
Limitations of the study . This represents a retrospective
autopsy-based investigation ana ; is subject to the same
limitations inherent in any such study . The results of the
current study indicate that co onary microemboli occur in a
substantial number of patients undergoing balloon angio-
plasly or thrombolysis (or both) who die and who undergo
autopsy . However, the frequency of this postinterventional
phenomenon among the much larger cohort of survivors is
unknown. Notwithstanding, in living patients who develop
acute myocardial ischemia or new ECG changes after these
interventions, coronary microembolism should be consid-
ered as a potential cause .
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